We investigated the change in renal mdr1b mRNA expression in offspring exposed to tributyltin chloride (TBTC) via the placenta and lactation or via lactation, using the real-time reverse transcription-polymerase chain reaction. Pregnant ICR mice were given water containing TBTC (0, 15, and 50 g/ml) ad libitum from the start of pregnancy to weaning or from parturition to weaning. Exposure via the placenta and lactation significantly reduced the renal mdr1b level in offspring. Exposure to TBTC through the mother might impair the exclusion system of toxic compounds in offspring.
Besides tumor cells, P-gp is present in normal tissues such as the adrenal glands, the colon, small intestine, kidney, liver, placenta, and testis, the blood-brain barrier, and immune cells. 1, 3) It has been proposed that P-gp plays an important role in protecting the host from toxic compounds. 2) Hence it is important to investigate the effects of xenobiotics on the levels of P-gp and its mRNA expression. Brady et al. 4) showed that mdr1a and mdr1b mRNA levels increased in kidney and liver when certain chemical substances were administered to rats. Seree et al. 5) reported that dexamethasone administered orally to mice down-regulated mdr1b mRNA expression in adrenal, kidney, and lung. Treatment with turpentine and lipopolysaccharide in mice has been shown to suppress hepatic expression of P-gp and mdr1 mRNA. 6) However there has been no study on whether xenobiotics affect the expression of P-gp and its mRNA in the next generation. Among xenobiotics, we selected tributyltin chloride (TBTC), which is used primarily as a biocide to prevent the attachment and growth of marine organisms such as barnacles, plankton, and algae to ship hulls and fishing nets. Because TBTC passes through the placental barrier 7) and transfers to milk, 8) the effects of TBTC exposure on the next generation are of particular concern. The distribution of TBTC administered orally to rodents has been reported to be extensive in the liver and kidney. 9, 10) Because these organs are more susceptible to the influence of TBTC and the level of mdr1b mRNA expression was higher than that of mdr1a in the kidney of mice, 11) we investigated renal mdr1b mRNA expression in mice maternally exposed to TBTC using real-time reverse transcription-polymerase chain reaction (real-time RT-PCR) in the present study.
To examine the effect of the route of exposure on mdr1b mRNA expression, offspring were exposed to TBTC by the following pathways: (i) Exposure via the placenta and lactation. ICR mice one-day pregnant (Japan SLC, Tokyo) were divided into three groups and given water containing TBTC (0, 15, and 50 mg/ml; Wako Pure Chemical, Osaka, Japan) ad libitum up to weaning (for 39 d).
(ii) Exposure via lactation. ICR mice 16-days pregnant (Japan SLC) were divided into three groups. After the natal day, the dams were given water containing TBTC (0, 15, and 50 mg/ml) ad libitum until the weaning of their pups (for 19 d). In both exposure groups, the kidneys of the offspring and the liver of the dams and offspring were removed after weaning. The Total RNA from the kidneys of normal ICR mice (UNITECH, Chiba, Japan) was used to prepare standard curves for mdr1b and 18s rRNA (as an internal control). cDNA was synthesized from 1 mg of total RNA with TaqMan Reverse Transcription Reagents (Applied Biosystems, Foster City, CA) according to manufacturer's instructions. Reverse transcription was performed with the following reaction: 10 min at 25 C, 1 h at 37 C, and 5 min at 95 C. Quantitative PCR was performed with an ABI PRISM 7700 (Applied Biosystems, Foster City, CA). The primer set and TaqMan probe for mdr1b were selected with Primer ExpressÔ version 1.0 (Applied Biosystems), based on the cDNA sequence (Accession no. M14757) reported by Gros et al.
12) ( Table 1) . As for the primer set and TaqMan probe for 18s rRNA, TaqMan Ribosomal RNA Control Reagent VIC probe (Applied Biosystems) was used. PCR amplifications for mdr1b and 18s rRNA were performed in duplicate wells in the same 96-well plate under the following conditions: 2 min at 50 C and 10 min at 95 C, followed by 45 cycles of 30 s at 95 C and 1 min at 59 C. TBTC concentrations in liver samples from the dams and the offspring, in milk samples from the stomach of the offspring, and in the whole body of the offspring were determined by gas chromatography (HP Model 5890 Series II gas chromatograph; Hewlett-Packard, Avonbale, PA) after solvent extraction. The detection limit for TBTC was 5 ng/g.
No influence was observed on the body weights of the offspring at weaning after exposure via the placenta and lactation or via lactation only (data not shown). Figure 1 shows the renal mdr1b mRNA levels in the offspring of both exposure groups. The renal mdr1b mRNA level of the offspring exposed to TBTC via the placenta and lactation decreased significantly as compared with the control, although no dose-dependent effect was observed (Fig. 1A) . In the case of exposure via lactation alone (Fig. 1B) , the renal mdr1b mRNA level showed a tendency to decrease in a dose-dependent manner. These results suggest that exposure to TBTC via the placenta and lactation might impair the ability of offspring to protect themselves from toxic compounds. The significant decrease caused by exposure via the placenta and lactation is presumably due to a high dose resulting from a longer exposure period than exposure via lactation only. In addition, there is a possibility that exposure via placenta leads to more TBTC being transferred to the offspring than via lactation. Noland et al. 13) have reported that the majority of the tin in pups exposed to A, Exposure via the placenta and lactation. B, Exposure via lactation only. Pregnant ICR mice were given water containing TBTC (0, 15, or 50 mg/ml) ad libitum from the start of pregnancy to weaning or from parturition to weaning. After removal of the kidneys from the offspring (n ¼ 4{5), mdr1b mRNA levels were measured by real-time PCR. The average mdr1b mRNA level of each control group was defined to be 100%, and those of the TBTCtreated groups are relative values. Data are represented as the average AE standard deviation. Significant differences between the control groups and TBTC-treated groups were analyzed with Student's t-test, indicated by an asterisk (p < 0:05).
mdr1b Expression in Mice Maternally Exposed to Tributyltindimethyltin dichloride, an organotin, was transferred during gestation rather than lactation.
Next, TBTC concentrations were measured in the livers of dams and offspring from both groups, because the level of TBTC (as tin) accumulated in the liver was similar to that in the kidney. 14) As shown in Table 2 , 7 ng/g and 10 ng/g of TBTC were detected in the livers of dams given TBTC (50 mg/ml) during pregnancy and lactation and during lactation respectively, whereas the level of TBTC was below the detection limit in the livers of TBTC (15 mg/ml) treated dams. The amount of TBTC in the livers of the offspring was below the limit of detection in both groups. Furthermore, we measured the TBTC concentration in milk collected from the stomach of the offspring exposed via lactation from TBTC (50 mg/ml) treated dams. The concentration was 30 ng/g ( Table 2 ). Although the TBTC concentration transferred from TBTC (50 mg/ml) treated dams to offspring via the placenta and lactation was not measured, it was estimated to be more than 19 ng/g, because the TBTC concentration in the whole bodies of neonates (at 0 d from birth) was 19 ng/g (Table 2 ). These results suggest that TBTC was transferred to the offspring via both pathways. In fact, there is a report that TBTC underwent transplacental transfer. 7) In addition, we recently reported TBTC transferred from the mammary gland to milk. 8) Therefore, a trace amount of TBTC transferred from dams to offspring through the placenta and lactation is likely to affect the level of mdr1b mRNA expression.
There are three possibilities as to the reason the level of mdr1b mRNA decreased in the offspring exposed to TBTC. The first possibility is the influence of cytokines. It has been reported that IL-6, an inflammatory cytokine, down-regulated mdr1b mRNA expression and P-gp expression. 6, 15) Indeed, TBTC induced IL-6 mRNA expression in in vivo experiments. 16) Whether renal IL-6 mRNA is induced in the offspring exposed to TBTC was examined by conventional RT-PCR, but no renal IL-6 mRNA was detected in the offspring of either group (data not shown). The second possibility involves the inhibition of transcription factors. Some investigators 17, 18) believe that TBTC and its metabolites have a tendency to accumulate in the nucleus and bind to DNA. Hence accumulation of TBTC and its metabolites in the nucleus might inhibit the binding of transcription factors to DNA and suppress the induction of mdr1b mRNA, as curcumin did. 19, 20) The third possibility is a decrease in mdr1 mRNA stability due to TBTC. As far as we know, no information is available on the effect of TBTC on mdr1 mRNA stability, but there have been several reports on the relationship between decreases in mdr1 mRNA expression and mRNA stability. For instance, IL-6 15) and verapamil 21) lowered the levels of mdr1 mRNA in hepatocytes and multidrug-resistant leukemic cells respectively, but did not affect mdr1 mRNA stability. On the other hand, there is a report that suppression of mdr1b mRNA expression by dexamethasone in primary hepatocytes was due to a decrease in mdr1b mRNA stability. 22) Thus it cannot be ruled out that TBTC decreases mdr1 mRNA stability and thereby lowers the level of mdr1b mRNA expression. Further studies are required to clarify the mechanisms behind decreases in mdr1 mRNA expression following maternal exposure to TBTC.
In conclusion, we found that the level of renal mdr1b mRNA decreased when offspring were exposed to TBTC via dams, in particular via the placenta and lactation. The present study suggests that exposure to TBTC during pregnancy and lactation might impair the exclusion system of xenobiotics in offspring. Under similar conditions of TBTC exposure, TBTC has been reported to modulate the level of neurotransmitters in the brains of offspring. 23) TBTC also decreased the weights of thymus, spleen, and liver in offspring under similar conditions of TBTC exposure (personal communication). It is possible that TBTC affects the level of mdr1 mRNA in such organs. Some scientists warn that the prevalence of infectious disease increases in childhood when exposure to environmental contaminants takes place during the period of pregnancy and breastfeeding. 24) Decreases in mdr1 mRNA expression by exposure to toxic compounds might be one of the reasons that such diseases are becoming more prevalent.
